The title 3-amino-2-thiohydantoins 3 has been prepared in very good yields by the reaction of alkyl isothiocynatocarboxylates 1 with hydrazine hydrate.The synthesis of starting isothiocyanates as well as spectral data of 3-aminothiohydantoins and alkyl isothiocyanatocarboxylates has been presented.
Introduction
In the last twenty years, much interest has been focused on the synthesis of N-aminoheterocycles, since this class of compounds has interesting biological properties. Numerous heterocyclic compounds having a thiourea or a thiosemicarbazide moiety have been found to be active as agrochemicals [1] [2] [3] . As a part of our research in the synthesis of novel heterocycles derived from α-aminoacids we have found a very simple way leading to the 3-aminothiohydantoins.
The title compounds of the general formula 3 are novel, except for 3b (R=H), which has been pos-tulated as a product of sodium ethoxide catalyzed cyclization of the thiosemicarbazide 2b [4] , or by thermal cyclization of the compound 2b [5] . Gut et all. [6] , relying mainly on infrared spectral evidence, showed that 6-oxo-3-thioxo-hexahydro-1,2,4-triazine prepared by Gante and Lautsch [7] is in reality 3-amino-2-thiohydantoin 3b. 3-Acetamino-2-thiohydantoin was prepared as a side product of the thermal cyclization of 1-Acetylamino-4-ethoxycarbonylmethyl-3-thiosemicarbazide in dimethylformamide [8] . N-substituted derivatives of 3-aminothiohydantoins can be prepared by the reaction of α-chlorocarboxylic acid hydrazides with potassium thiocyanate in acetonitrile proceeding via thiocyanates and isothiocynates, respectively [9, 10] .
Results and discussion
The general method of preparation 3b-i is based on the reaction of alkyl 2-isothiocyanatocarboxylates 1 with the hydrazine hydrate (Scheme 1). This method allows preparation of title compounds 3 starting from α-aminoacids, which are subsequently transformed to isothiocyanates 1. As it has been stated in our previous paper, isothiocyanatocarboxylates are mostly stable and good accessible compounds [11] . Isothiocyanate 1d prepared by the thiophosgene method [11] is until now an unknown compound. 1 H-, and 13 C-NMR spectra of 1d-i, have not been reported yet (Table 1) . The reaction of isothiocyanates with hydrazine hydrate is stopped in the case of 1b on the stage of 4-ethoxycarbonylmethylthiosemicarbazide 2b either by cooling to laboratory temperature, or by the reflux of isothiocyanate 1b and hydrazine hydrate in ethanol. Compound 2b cyclised to 3b when heated to its melting, or by a short reflux (1 minute) in ethanol in the presence of a subequimolar amount of sodium ethanolate. A longer reflux (0.5 hour) with an equimolar amount of sodium ethanolate led to the sodium carboxylatemethythiosemicarbazide or carboxymethylthiosemicarbazide 2a, respectively. The Conversion of 2d to 3d was carried out and monitored in an NMR tube without isolation of 3d. In all other cases 3-amino-2-thiohydantoins 3 were isolated, without thiosemicarbazide intermediate 2.
Our attempts to prepare 2c, e-i by change of temperature (0° C) or by change of the solvent (diethyl ether) failed. Compound 3c crystallized with difficulties and a prolonged standing upon crystallization from ethanol-diethyl ether was necessary.
The physicochemical data 3-aminothiohydantoins 3 are summarized in the Table 2 and Table 3 . Structural assignment of isothiocyanates 1 and 3-aminothiohydantoins 3 is based on spectroscopic data (IR, 1 H, 13 C NMR, mass spectrometry ) (Tables 1-3 ).
In summary, we have synthesized in novel and facile way 3-aminothiohydantoins 3 and a new isothiocyanate 1d.
Experimental
Hydrazine hydrate, thiophosgene, glycine, L-α-alanine, DL-tert-leucine, L-aspartic acid, L-glutamic acid, DL-phenylglycine, DL-phenylalanine, L-tyrosine were purchased from Fluka. Solvents were purified, dried and distilled. Melting points (uncorrected) were determined on a Boetius hot plate. Chromatography: TLC: Silica gel 60 F 254 (Merck). Column chromatography: Silica gel 60, mesh size 0.04 -0.0630 mm (Merck). Elemental analyses were obtained using Carlo Erba CHNS-OEA 1108 -Elemental Analyzer. Optical rotation values were measured on a Perkin Elmer P 241 polarimeter. IR spectra were recorded using a Philips FTIR PU 9800 spectrometer, with only selected peaks reported. UV spectra were measured in MeOH solution and were recorded on a Specord UV-VIS M-40 (Zeiss Jena) instrument. Mass spectra were recorded on a AEI MS 902 S electron ionization spectrometer (EI = 70eV). 1 H NMR (300 MHz) and 13 C NMR (75 MHz) spectra were recorded on a Varian VXR 300. Spectra were internally referenced to TMS. Peaks are reported in ppm down field of TMS. 13 C NMR peak assignments were made by DEPT editing of the spectra.
General metod for preparation of isothiocyanates 1b-i
A solution of the requiste amino ester hydrochloride (1g) in water (10ml) was mixed with chloroform (10ml) and a stock solution of thiophosgene (1.05 mol-equivalent) was added under stirring with simultaneous addition of a reagent neutralizing the hydrogen chloride, liberated during the reaction (NaHCO 3 ). The addition was carried out at such rate as to maintain the coloration of the reaction mixture due to an excess of thiophosgene. After the carbon dioxide evolution had ceased, the chloroform layer was separated, washed successively with 0.1M-HCl (2 × 10 ml) and water (3 × 10ml), dried over sodium sulphate and taken down at 25°C. The oily residue was distilled under diminished pressure, or, alternatively, the solid compound was crystallized from a suitable solvent [11] (Tab.1).
Ethoxycarbonylmethylthiosemicarbazide (2b)
Yield 95%, mp. 172°-174° C, lit. [5] 
3-Aminothiohydantoin (3b)
Method A: 0.44 g (3 mM ) of 2b is heated (160° C) under vacuum (0.1 mbar) for 0.5 hours. The dark solid afforded after recrystallization from ethanol (charcoal) 0.12 g (36%) of gray crystals, mp. 159-160° C, with satisfactory spectral data ( Table 2) .
Method B: 1.64g (9.2 mM ) of 2b was dissolved in ethanol (50 ml) under reflux, water solution of sodium hydroxide (0.1g in 2 ml H 2 O) was added , reaction mixture was after 1 minute cooled to 50° C, acidified by diluted HCl (1:10) to pH 6.5. Purification of the reaction mixture with active charcoal and crystallization afforded 0.4 g (33%) of 3b, mp 156 -158° C. Recrystallisation from methanol gave sample with mp.159 -160° (TLC: CHCl 3 / MeOH 9:1, R f 0.27) having satisfactory elemental analysis data and identical spectral data as the compound 3b prepared by the method A.
3-Aminothiohydantoins 3; General procedure
A solution of hydrazin hydrate 80% (0.62 g, 11 mM ) in MeOH or EtOH (3 mL) was added dropwise to an intensively stirred cooled solution (0° C) of the appropriate isothiocyanate 1b-i (10 mM) in diethyl ether (20 mL). The mixture was stirred for 30 minutes at laboratory temperature (22°C) and then allowed to stand in refrigerator (4°C) for 2 hours. The precipitate was separated by suction filtration, and washed by Et 2 O. Recrystallization from EtOH / Et 2 O resulted in white crystals ( Table 2 , Table 3). 
